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Abstract

In today's scientific environment scientists can no longer work in isolated laboratories.  The
problems being studied require experts from several fields to combine their talents. The
instruments used to gather scientific data are expensive and difficult to build so there are only a
few in the world.  The Internet connectivity and the powerful desktop workstations available
today provide the potential to create collaboration tools and allow scientists to collaborate across
the miles and access instruments remotely.

The DOE 2000 program sponsored by the US Department of Energy (DOE) is developing new
technologies and integrating existing technologies to create a software environment that allows
collaboratories to become a reality. The DOE 2000 program is composed of two pilot programs
putting collaboratories into practice and five research and development projects developing some
of the tools required to complete the collaboratory environment that were not already available.
These technologies include videoconferencing over the Internet, electronic notebooks, shared
visualization, security infrastructure, floor control, and session management.  Much of this work
is in conjunction with other DOE and non-DOE development efforts.

This paper describes the tools and technologies available today and some of the tools being
developed to provide collaboration capabilities.  Through collaboratories we are changing the
way scientific experiments are carried out and the way scientists work together.

Introduction

The goal is to provide a location independent laboratory where scientists can collaborate.  We
refer to this type of laboratory as a collaboratory.  A collaboratory presents the users with new
ways of thinking, working with others, and doing tasks. For instance, with an electronic notebook
data can be automatically recorded to the notebook as it is taken rather than hand recorded or
printed and pasted into the notebook.  Meetings can be held without needing a conference room
or even needing to meet at the same site.  A group that is collaborating but is separated
geographically can use virtual office spaces to bring the group together into a common space.

For a collaboratory to be effective, it may need to provide remote access to any or all of the
following: instrument settings, instrument controls, notebooks, logs, analysis results, meetings,
and conversations. Paper notebooks and other components of the environment that are not
currently computer applications may need to be converted to be computer accessible if they are to
be accessed by remote users.



An important factor in building a collaboratory is scalability.  Many of the early tools available
for building collaboratories are based on unicast communication for distribution of information
to the participating sites.  Since unicast communication provides only point-to-point messages
these tools have a server that is responsible for tracking the collaboratory members and
redistributing all messages to the members.  This type of server-based architecture is not readily
scalable since the server and its network connection quickly become a bottleneck.  Multicasting
provides a more efficient means of communicating between collaborating sites since it allows
group communication and the messages sent to the group are duplicated within the network only
as needed to get to all the members of the group.

Background

There are many parallel development efforts designing and building collaboratories and the tools
to support them.  Some of the early efforts include remote electron microscopy[8] , the Upper
Atmospheric Research Collaboratory[6]  and the Distributed Collaboratory Experiment
Environments Program (DCEE)[11] .  The DCEE program was sponsored by the US Department
of Energy and included development of four prototype collaboratories and several small research
projects aimed at developing key technologies needed to support collaboratories.  The prototypes
include the Spectro-Microscopy Collaboratory[1] , shown in Figure 1, the Environmental and
Molecular Sciences Laboratory[3] , the LabSpace project, and the Fusion Collaboratory[16] .
The research projects worked on areas such as security, reliable multicast communication,
electronic notebooks, and sociological issues of collaboratories.  The DCEE prototype
collaboratories have provided a basis for understanding how to build collaboratories and the
issues involved in building a collaboratory.
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Figure 1. The Spectro-Microscopy Collaboratory at the Berkeley Lab Advanced Light Source



The DOE 2000 program[12]  is taking the collaboratory concept further by funding two large-
scale collaboratory pilot projects and seven research projects.  The pilot projects of the DOE
2000 program are the Diesel Combustion Collaboratory[10] and the Materials
MicroCharacterization Collaboratory[9] .  Both of these collaboratories include a large number of
collaborators from a wide variety of institutions.  They are addressing issues of sociology,
scalability, network delay, data compatibility, and data conversion. The DOE 2000 research
projects are building capabilities that have not previously been available. These research projects
are providing continuing development of collaboratory tools and include projects focusing on:
collaborative session management, electronic notebooks, shared virtual spaces, scalable security
architecture, network quality of service, floor control, and a collaboratory interoperability
framework. Tools under development by these research projects are now becoming available for
integration into collaboratory environments in beta or alpha versions.

Tools

Each group of collaborators has a specific set of activities they need supported by a collaboratory
so the tools have generally been developed to support individual activities. A collaboratory is
built by using the tools that are most appropriate to the particular collaboration; the tools provide
the collaboratory building blocks.

The first tool that most people think of adding to a collaboratory is videoconferencing.  There has
been significant commercial interest in videoconferencing and collaborative access to documents
and workspaces. Several tools are now available from commercial and non-commercial sites.
The multicast-based videoconferencing tools vic (video), vat (audio), rat (audio), sdr (session
directory), and wb (whiteboard) tools, shown in Figure 2, are free and are scalable and cross-
platform (not Macintosh)[14] . The multicast-based tools are used in many places to broadcast
talks and videoconference across the Internet.  Using videoconferencing tools alone leaves the
remote user feeling like they are looking in a window into the room.  The user needs instead to
feel that they are present in the remote room, that they are able to participate in conversations,
and that they can walk around. We refer to these capabilities as telepresence. Some tools have
been developed to add telepresence capabilities to the multicast-based videoconferencing tools.

Figure 2.  The multicast-based videoconferencing tools.  The tools from left to right are sdr, wb, vat, and vic.



These include a conference controller[5] that allows the videoconferencing tools to be controlled
remotely and remote camera control software[15] (see Figure 3).

The Microsoft NetMeeting tool, shown in Figure 4, is available free from Microsoft and it
provides unicast-based videoconferencing capabilities, whiteboard and limited application
sharing. NetMeeting is only available for the Windows operating system.  The application
sharing capability in NetMeeting is based on a standard called T.120 and is interoperable with
other T.120 compliant application sharing packages, but there are currently only a few of these
available.  Also, the T.120 standard is based on unicast messaging which does not allow peer-to-
peer interaction within a group nor is it scalable to large groups.

If instead of sharing individual applications you would like to share an entire screen across
multiple sites there is a shared screen viewer called Vitual Network Computer (VNC), shown in
Figure 5. VNC is free software that provides cross-platform screen and application sharing
capabilities[2,7]. It is not T.120 compliant so it does not interoperate with NetMeeting.  VNC
software is available in Java or as precompiled binaries so the number of platforms it works on is
virtually unlimited.  Since VNC was initially only designed to provide remote terminal display

Figure 3. The conference controller and the remote camera control interface

Figure 4.  Microsoft NetMeeting videoconferencing and application sharing tool



capabilities, it does not have control hand-off tools and instead allows all the sites sharing the
interface to control the mouse and keyboard on a first-come-first-serve basis.

Several text-based interaction tools provide real-time interaction capabilities.  These tools are
relatively sophisticated and allow the text-based space to be partitioned into different rooms.
Rooms can be used to segregate discussion topics.  A user can also create a virtual office where
they are available to collaborators but are not interrupted by other conversations.  This spatial
metaphor provides a means for the user to easily navigate the space using familiar methods of
getting around like walking.  These text-based tools are interacted with using a keyboard to type
the conversation.  They also allow the user to express emotions by doing things like smiling or
chuckling. The text-based interaction tools are Internet Relay Chat (IRC) and the Multi-User
Dungeons (MOO) developed at Xerox PARC[4] .  Microsoft NetMeeting and NCSA
Habanero[13] have chat facilities but these tools are limited in their functionality and do not
implement the spatial metaphor.

Access to notebooks is an essential part of a scientific collaboratory. The scientific notebook is
the place where events are recorded, results are displayed, and comments are written.  Without
access to the notebook a scientific collaborator is left to react to events rather than allowed to
participate.  There are several parallel development efforts cooperating to build electronic
notebooks.  These efforts are underway in both the commercial sector and as a DOE 2000
research project.  The commercial sector is considering the legal aspects of electronic notebooks
as invention records.  The DOE 2000 project is developing prototype interfaces and engines for
the notebook (see Figure 6).

There are several projects building components of the collaboratory infrastructure.  The
infrastructure, once it is available, will make the building of new collaborative applications
significantly easier.  The components will provide tools and abstractions for the tasks that most
collaborative applications need to do such as floor control, shared data interchange, security, and
group communication. These infrastructure components provide application programming
interfaces to the collaboratory tool developers.  These interfaces can be used to specify things
like shared data, security, and application sharing properties. NCSA Habanero provides a Java-
based framework that includes a session management component to provide the user interface
glue and shared data abstractions.  Sun’s shared data toolkit provides a data sharing interface.
The DOE 2000 Collaboratory Interoperability Framework provides a  common communication

Figure 5. Virtual network computing (VNC) screen sharing application.  Shown here sharing a Microsoft
Windows machine’s screen onto a UNIX machine.



library that includes multicast and unicast communication that includes reliable and unreliable
multicast. It also provides directory services and a shared data abstraction.

Building a Collaboratory

When evaluating whether a group will benefit from a collaboratory, an essential requirement is a
strong need for collaboration by the group members.  This may seem like an obvious criteria, but
many people envision a collaboratory as a way to get groups they would like to have working
together to work together.  The effort required to integrate collaboratory tools into the user
environment and to customize them to the user’s needs is non-trivial so the users should perceive
considerable benefits from this effort.

The first step in building a collaboratory is an evaluation of the group’s current work processes
and collaborations.  The goal is to identify a small number of collaboration tools to integrate into
the environment.  The tools should be chosen to have the largest benefit to the group with the
least effort by the users to get them operational. It is also worth considering the level of intrusion
into the environment, the tools should feel natural and appropriate to the tasks of the
collaboration.  Ideally, the collaboratory tools provide an improved functionality compared to the
user’s pre-existing tools.

To build a collaboratory you might assume that you should start by implementing
videoconferencing.  It has been our experience that this may not be a good choice.
Videoconferencing capabilities require a considerable investment in time and materials to install.
Each site that will participate in the videoconference will require video capture hardware and a
sound card.  If more than one person will participate from a single machine (e.g. a conference
room) the system will also need to be equipped with an echo-canceller to allow hands-free use of
the videoconferencing system. You might also want to consider the use of remotely controllable
cameras.

We have generally found that a good place to start instead is with electronic notebooks and text-
based interaction tools. We use the text-based interaction tools as a means to maintain a virtual
office environment.  Each user is logged into the space whenever they are on the network,
providing a means of contacting colleagues that is a virtual equivalent to having the colleague be
in the office down the hall.  The text-based interaction tools are relatively non-intrusive, work

Figure 6.  Two of the electronic notebook interfaces



cross-platform, and are easy to learn. The next tools that need to be integrated are often audio-
conferencing and application or screen sharing tools.

Critical application-specific software components that must be accessible to collaborators may
need to be redesigned for the collaboratory.  These applications have usually been designed for
use by a single user at a single site.  These applications can be shared by either rewriting them to
be collaborative or by using application sharing software.  Application sharing software takes a
single-user interface and distributes it by sharing the display of the application and the mouse and
keyboard inputs of multiple sites. The collaboratory infrastructure components simplify the
rebuild of these applications.

Keep in mind that remote users introduce new problems with regard to software maintenance,
user training and cross-platform support. The users may be unfamiliar with details of their system
or software installation and upgrade procedures.  Collaboratory tools need to be easy for remote
users to install and maintain. Software needs to be self-installing, and resilient to diverse
environments.  Software upgrades need to be available over the Internet so that users can upgrade
at their convenience (often only when incompatibilities force them to). Security and privacy
constraints must also be considered in designing the collaboratory.  Each site may have its own
privacy and security constraints.  Collaboratory tools are just beginning to have security features
built-in.

Conclusion

The broad interest in using collaboratories has lead to increasing numbers of tools being
available to support collaborative activities.  As each tool becomes available there are new
capabilities provided to the community and some set of users that adopt the tool.  Each new set
of users brings a fresh perspective to the collaboratory environment and helps provide feedback
to the developers regarding what functionality is needed.

Since many of the tools are still in their infancy they are not always available for all platforms
and are often not available as production software.  Since there are few standards, many of the
tools do not inter-operate effortlessly.  The standards are slowly emerging with the tools and the
interoperability is increasing daily. In the meantime, groups generally need to choose a tool and
have all the users use the same version of the tool to ensure interoperability.

Some collaboratories may also require advanced networking infrastructure.  If users are
depending on remote access to components such as experiment equipment and need a minimum
bandwidth to operate, some way of ensuring that the network is able to provide the service level
required is needed. Other network services include capabilities such as directory services,
security, and reliable multicast. Research projects are currently underway to address each of these
issues and several solutions have been proposed and implemented.  Standards are slowly
emerging addressing each of these areas.

Although collaboratories are still in their infancy, there are already many tools available that
allow groups to collaborate effectively.  With a well considered choice of collaborative tools and
a stepped integration plan, groups that are widely dispersed geographically can derive significant
benefits from the increased contact and functionality provided by the tools. The level of group



connection that can be achieved even just through the use of a text-based interaction tool is
astonishing.
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